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Abstract
In this paper we show that an ontology-based approach can be beneficial
for enhancing the access to cultural resources, and in particular histor-
ical documents. The paper starts with an overview of our approach,
aimed at providing online archival systems with a semantic layer
based on Semantic Web standards (OWL 2 and RDF). Two projects
are introduced, namely Harlock900 and PRiSMHA, carried out in
collaboration with local cultural institutions owning rich historical
archives. In particular, the paper describes the computational ontologies
supporting the approach, and then focuses on two case studies showing
that our framework provides better results if compared with standard
access systems. The case studies show the enhancement provided by a
semantically rich representation of time intervals and a detailed formal
description of events and their participants.
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1 Introduction
In the era where almost everything seems to be based on Artificial
Intelligence, the major role is played by Machine Learning (and often
Deep Learning) approaches. However, we think that there are some
cases in which “vintage” knowledge-based approaches can still be
useful. In the domain of Cultural Heritage, for example, many cases
can be found where sub-symbolic approaches can hardly be applied.
Machine Learning and Deep Learning, in fact, require huge amounts
of (annotated) data, which – in this domain – are often not available. In
particular, when dealing with historical archives, metadata are usually
very poor with respect to the needs of such techniques, and textual
resources are frequently not obtainable (this is the case, for instance, of
drawings, hand-written texts, old type-written documents that are very
hard for OCR tools, etc.).
A couple of good objections to these claims could be the following:
(a) There is a lot of work on OCR techniques, image processing, and
hand-written text recognition (mainly based on Machine Learning and
Deep Learning), which make (annotated) data actually available; see,
for instance, the IAPR ICDAR (Int. Conf. on Document Analysis and
Recognition) conference series (icdar2019.org). (b) Nowadays there
are lots of datasets concerning Cultural Heritage available on the Web
(see, for example, Europeana LOD Pilot [25]).
We have two major counter-objections: (a) The state-of-the-art tools
actually available to cultural institutions that own historical archives
are not yet aligned with state-of-the-art research prototypes, at least in
many national or local contexts; (b) Using already available datasets
keeps Cultural Heritage in a sort of “bubble”, where the ICT-enabled
cultural institutions gain new innovation opportunities, while those
organizations that fell behind – which are those that mainly need to
be involved in ICT projects – will continue lagging.
In this perspective, we believe that knowledge-based, symbolic
approaches can still play an important role in supporting access to – and
thus the exploitation of – cultural resources, and in particular documents
stored in historical archives.
The major goal of our research activities is to build a web-
based “smart archivist”, able to provide users with: (a) Patterns and
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meaningful connections between events, people, places archival doc-
uments “talk about”; (b) Relevant and useful documents. Exactly as a
good human archivist, a digital system can be enabled to perform such
tasks only if it is provided with a rich knowledge about the content of
the documents stored in the archives.
The aim of the work described in this paper is to verify the following
research hypothesis: A digital system providing access to historical
archives, endowed with a rich semantic layer describing the content of
documents, provides users with better results in terms of:
• Events − described in the documents − retrieved and displayed,
in particular by referring to the time intervals they occur in (i.e.,
it provides and visualizes a larger and more accurate set of events
with respect to standard timelines);
• Documents retrieved from the archives (i.e., it provides a larger and
more precise set of documents with respect to a classical keyword-
based retrieval system).
A rich semantic layer consists of metadata about the content of archival
resources, based on a highly axiomatized ontology which characterize
in details the domain (see Section 3.2).
In order to verify this research hypothesis, we developed a soft-
ware prototype handling time expressions (within the Harlock900
project), and a mockup of a concept-based document retrieval system
(within the PRiSMHA project), on which we performed two walk-
through navigations, starting from two typical information needs (see
Section 3).
The major contribution of this paper is to show that an approach
based on a rich semantic model (in the sense specified above) can
provide a significant enhancement in the quality of the access to archival
resources. This result is relevant since semantic approaches in this
field are usually based of very lightweight semantic models, which do
not support the fine conceptual granularity proposed by our approach,
and thus could not reach the same result quality. The comparison with
existing semantic models is discussed in Section 2.2.
In the rest of the paper we provide: An overview of our approach,
aimed at endowing archive metadata with a semantic layer based on
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Semantic Web standards (Section 2.1); An account of the most relevant
related work (Section 2.2); Two case studies, supplied by two projects,
namely Harlock900 and PRiSMHA (Section 3.1). In particular, we
describe the computational ontologies supporting the approach (Section
3.2), an evaluation of the TIME module of the core ontology (Section
3.3), and an evaluation of the EVENT modules of the core and domain
ontologies (Section 3.4). Finally, we summarize the major conclusions
and suggest some promising future research directions (Section 4).
2 Introducing a Semantic Layer Over Archives
2.1 Our Framework
Figure 1 shows the architecture of the overall system: the knowledge
about the content of the documents is stored in the Semantic Knowledge
Base, which is implemented as a RDF triplestore, following the princi-
ples of Linked Data [26]. In line with a well-consolidated approach [18,
40], the semantic representation of documents content is built around
Figure 1 System architecture, showing the role of the semantic layer.
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the notion of (historical) event, which represents a “glue” connecting
places, time periods, people, organizations, and collective entities.
The vocabulary used in the Semantic KB is provided by the HERO
ontology; in particular, HERO is a core ontology – thus providing
general concepts and properties, such as event, person, collective,
organization, time interval, and so on – and is coupled with a domain
ontology, called HERO-900, that provides domain specific concepts
and relations. As we will see in Section 3.1, the domain is represented
by (subsets of) the Italian history of the 20th century. HERO and
HERO-900 will be described in Section 3.2.
One of the major objection to knowledge-based approaches is
the bottleneck represented by knowledge acquisition: transferring the
human archivist competence into a digital system, i.e. building rich
RDF datasets describing the content of the documents, is an extremely
demanding work, which can threaten the sustainability of the approach.
To face this challenge, we decided to rely on a Crowdsourcing Platform,
where users can access archival documents and collaborate in building
the Semantic KB. Through a User Interface driven by the underlying
ontology, such a platform populates the RDF triplestore. Moreover,
when full-text OCR-ized documents are available, an Information
Extraction module identifies Named Entities, which are then used by
the Crowdsourcing Platform to support users with suggestions about
people, places, organizations, time intervals, and events occurring in
texts. Both the Crowdsourcing Platform and the Information Extraction
module are work in progress. Relevant references can be found in
Section 2.2.
The semantic layer, i.e. the Semantic KB based on the ontology, can
be exploited by a Final User Interface, enabling a smart and flexible
access to resources from historical archives [4, 11, 18]. The advantages
represented by the semantic layer, when exploited by such a UI, will be
discussed within two case studies, presented in Sections 3.3 and 3.4.
Moreover, the RDF triplestore can be made available also through
a SPARQL endpoint [21], thus offering third parties the possibility of
exploiting the knowledge about historical events, narrated in archival
documents, to develop innovative applications in different fields, such
as education, tourism, or entertainment.
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2.2 Related Work
In recent years, the effectiveness of semantic approaches (including
ontologies and Linked Data best practices) in publishing, connect-
ing, and searching history and cultural heritage datasets has been
largely documented [32, 34]. The interest for Semantic Web oriented
approaches in the cultural heritage domain is proven by projects such as
Europeana (www.europeana.eu) – the European Union digital library
providing access to cultural heritage digitized contents of hundreds of
European galleries, libraries, archives – and CIDOC Conceptual Refer-
ence Model (www.cidoc-crm.org) – an ISO standard that has been used
in many projects about cultural heritage; see, for instance, WarSampo
(seco.cs.aalto.fi/projects/sotasampo/en), a project aiming at publishing
datasets about the Second World War in Finland as Linked Open Data,
or PAPYRUS (www.ict-papyrus.eu), an EU project enabling users to
query digital libraries to discover cross-domain relationships between
concepts.
CIDOC-CRM provides a quite rich characterization of the specific
types of events involving cultural heritage (e.g., the transfer of custody
of an item in a museum), but its level of granularity is not enough to
model in details historical events (although we aligned the top level of
HERO with CIDOC top level corresponding notions for interoperability
reasons: see Section 3.2).
Many projects in this research area provide semantic models cen-
tered on the notion of (historical) event, e.g., the Europeana Data Model
(i.e., the metadata model adopted within Europeana) [28], the Event
Ontology (purl.org/NET/c4dm/event.owl), LODE [38], SEM [24] –
used within projects such as Agora [2] and DIVE [5], supporting users
in event-centric browsing of cultural heritage items.
The Europeana Data Model provides a basic notion of event,
enabling the representation of “who does what when and where”, but
it lacks any further semantic characterization of historical events. The
Event Ontology (designed having in mind the description of music
performances) is a minimal model representing the basic features of
an event. LODE is a lightweight property-based ontology, resulting
from the alignment of different ontologies (including CIDOC-CRM
and Event Ontology); it aims at describing the classical four aspects of
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an event: what is happened, where, when and who is involved. SEM is
a domain-independent model, aimed at modeling the concepts of event,
actor, time, space, role and authority.
All these ontologies, if compared with our model (described in
Section 3.2), present a general very light axiomatization, which implies
a loosely formal characterization of the involved concepts. In particular,
they shows:
• A weak (or absent) characterization of domain-specific types of
events (see, for instance, the events involved in the second case
study of this paper, Section 3.4);
• A very simplified representation of time intervals (and space
regions);
• A weak (or absent) characterization of properties and relations
between events (e.g., causal relations), or between events and
entities (e.g., event participants: see [22]).
As far as the User Experience is concerned, several projects could
be mentioned, both outside the cultural heritage domain (e.g., [37])
and within it; see, for instance: Europeana Space (www.europeana-
space.eu); Europeana Creative (www.europeanacreative.eu); AXES
(www.axes-project.eu), that provides advanced multimodal search and
access to audiovisual digital resources (search for spoken words in
audio, for images within video sequences, for images depicting specific
kinds of objects or similar to other images); theAtlas of Nazi and Fascist
massacres (www.straginazifasciste.it/?lang=en); Memorie di Guerra
(War Memories: www.memoriediguerra.it), where advanced search
functionalities are offered to explore World War textual document [7];
ALCIDE [33], enabling users to select the time span to search for and
display keywords and entities mentioned in the retrieved documents.
None of the analyzed projects actually offers a full-fledged conceptual
access to documents content.
Moreover, two fields mentioned in Section 2.1 are relevant for
our research activity: Crowdsourcing and Information Extraction.
Crowdsourcing is becoming a fundamental approach for providing
rich meta-data describing resources that cannot be automatically pro-
cessed, such as old pictures, handwritten documents, and so on [3];
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see, for instance, the Scribe (www.nypl.org/blog/2015/11/23/scribe-
framework-community-transcription) and Micropasts (crowdsourced.
micropasts.org) projects. Furthermore, a significant research effort has
been devoted to the task of automatically extracting information about
events from texts; see, for instance, [12, 27, 39]. In particular, several
works showed that historical texts represent a peculiar domain, where
IE/NER tools show quite low performances compared to other domains;
see, for example [7, 14, 33, 36]. We do not analyze the related work
within these two fields in depth, since these aspects fall outside the
scope of this paper.
3 Case Studies
3.1 The Projects and the Two Case Studies
The research activity sketched in Section 2.1 is carried out within
two national projects, namely Harlock’900 (di.unito.it/harlock900) and
PRiSMHA (di.unito.it/prismha).
The main goal of Harlock’900 is to exploit semantic technologies
(computational ontologies and Linked Open Data) to make cultural
heritage stored in historical archives accessible and usable in innovative
ways, by users with different skills and interests. The project, run-
ning 2016–2019 and funded by University of Torino, is carried out
by the Computer Science Dept. within the framework of a collab-
oration with the Fondazione Istituto piemontese Antonio Gramsci
(www.gramscitorino.it). It aims at enabling a content-based access
to archival resources by metadata enrichment. The selected use-case
domain is represented by the events occurred between 1943 and
1945 during the “Resistenza” (the local partisans struggle against the
Nazi occupation and the Fascist regime) in Piemonte (North-West of
Italy).
An overview of the approach adopted in Harlock’900 can be found
in [18]; an early-stage prototype is described in [11]. In [4] a full
pipeline, from rough texts up to the final User Interface is presented,
focusing on time expressions and showing the process of building
and exploiting the semantic layer, i.e., the semantic representations
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of documents content. We will describe the user experience enabled by
the User Interface based on such a pipeline in Section 3.3.
PRiSMHA (Providing Rich Semantic Metadata for Historical
Archives), running 2017–2020, is funded by Compagnia di San Paolo
and University of Torino. It involves the Computer Science and
Historical Studies Departments and relies on the collaboration with
the Polo del ’900 Foundation (www.polodel900.it), a cultural center,
headquartered inTorino, involving nineteen cultural institutions hosting
an extremely rich set of historical testimonies. In particular, PRiSMHA
exploits documents from the archives and library of the Fondazione
Istituto piemontese Antonio Gramsci, which is the major “contributor”
(25%) of the Polo del ’900 archives.
The main goal of the project is twofold, since it aims at demon-
strating that a content-based access to archival resources, based on
semantically rich metadata: (a) is sustainable, despite the overload
imposed by knowledge acquisition; (b) provides a significant enhance-
ment in the possibilities of exploitation of archival resources. To
achieve the first goal, PRiSMHA is investigating the application of
a crowdsourcing collaborative model, where trusted users participate
in building the semantic layer, guided by an ontology-driven User Inter-
face and supported with suggestions provided by automatic information
extraction techniques (see the Crowdsourcing Platform and the Infor-
mation Extraction module in Figure 1). To face the second challenge –
i.e., evaluating the impact of a rich formal semantic representation
of documents content on the effectiveness of archival search – we
developed a mockup of the final User Interface and evaluated it on a
subset of the available documents. This study is reported and discussed
in Section 3.4. The domain selected for testing the approach is the
students and workers protest during the years 1968–1969 in Italy. An
overview of the main research issues and challenges in PRiSMHA can
be found in [19].
In the following we present two case studies aimed at demonstrating
that a content-based access to historical archives, based on a rich seman-
tic layer, represents an advantage for the user looking for information
and original documents. For the first case study, we annotated 120 pages
extracted from biographies and testimonies about the “Resistenza”
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in Piemonte, from Istituto Gramsci’s library; in our approach, an
“annotation” is a link between a document fragment (possibly the whole
document) and a set of RDF triples describing events referred to in
the fragment, together with their properties (basically, time, place, and
participants with their roles). The extraction of temporal information
from texts has been supported by HeidelTime [41], while the extraction
of events has been performed manually (see [11] and [4]). For the
second case study, we manually annotated 50 original documents
about 1968–69 movements in Italy (newspaper articles, letters, leaflets,
pamphlets, etc.) from Ist. Gramsci’s archives.
The case studies focus on two perspectives that are particularly
relevant in the historical domain, represented by time and events. In
particular, the first case study (Section 3.3) is focused on the role played
by a semantically rich representation of time intervals: the navigation
possibilities supported by the semantic layer are compared with those
offered by a standard timeline. The second case study (Section 3.4)
exploits a detailed formal description of events and their participants:
in this case, the study shows the advantages of our approach in retrieving
archival documents, compared with a classical keyword-based search
engine. Both cases rely on the vocabulary provided by HERO and
HERO-900, thus, in the next section, we briefly describe the structure
of such ontologies, mainly focusing on those features directly involved
in the evaluation.
The case studies are built as walkthrough navigations starting from
two example information needs: a navigation in the Semantic KB (first
case study) and a search in the document index (second case study) are
simulated exploiting real documents and actual formal representations
in the RDF triplestore.
3.2 The Ontologies: HERO and HERO-900
HERO (Historical Events Representation Ontology) and HERO-900
are two OWL 2 ontology suites composed of different modules. The
HERO suite is a core modular ontology, which provides the basis for
representing things that happen in the physical or social world at the
scale of human affairs. It contains five modules: HERO-TOP, HERO-
EVENT, HERO-PLACE, HERO-ROCS and HERO-TIME.
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HERO-TOP is the upper level module in HERO and it accounts
for general notions, which represent the topmost level of each HERO
module. It is rooted on basic ontological distinctions provided by
DOLCE (Descriptive Ontology for Linguistic and Cognitive Engi-
neering) [6]. HERO-TOP distinguishes between objects (i.e., entities
– either physical or non-physical – that are in time, such as buildings,
persons, nations, laws, etc.), perdurants (i.e., entities that happen in
time, such as elections, wars, earthquakes, etc.) and abstract entities
(i.e., entities that are outside space and time, such as sets, time inter-
vals, etc.). The basic relation between perdurants and objects is the
participation relation, representing the general involvement of objects
in perdurants (e.g., persons may participate in elections, buildings
may participate in earthquakes, etc.). Among non-physical objects,
social objects (i.e., objects that generically depend on a community
of agents, such as organizations, laws, concepts, social roles, etc.) play
an important role in human affairs. Both physical and non-physical
objects can be structured into parts.
According to the framework provided by the DnS ontology [17],
HERO-TOP puts at disposal the basics for talking about (reified)
concepts (such as institutional and social roles, political identities,
etc.). In particular, it offers the basic relation of classification between
concepts and ground entities (e.g., the concept of parliamentarian “clas-
sifies” people that are members of a Parliament) and the subsumption
relation between concepts (i.e., the concept of Italian parliamentarian
subsumes that of Italian deputy). Moreover, HERO-TOP provides the
mechanism for expressing both qualitative and (approximate or exact)
quantitative measurements (specifying both the unit of measure and
the measurement value) and for comparing measurement expressions
(e.g., that event had a longer duration than that other event, in a battle
participated more soldiers than in another, etc.).
HERO-EVENT refines HERO-TOP for what it concerns perdu-
rants. Among perdurants, it distinguishes between events (Event class)
and states (State class). The former represents perdurants producing
changes in some state of affairs (e.g., person births, meetings, elec-
tions, etc.), while the latter represents a persistence of some state of
affairs (e.g., being married, working at a company, etc.). Events can
298 A. Goy, D. Magro and A. Baldo
be actions (Action class), representing intentional events. Perdurants
happen in some places and in a time interval. HERO-EVENT provides
different properties for expressing relations between perdurants and
time intervals (e.g., hasTimeSpan, hasInitialTime, hasFinalTime).
Moreover, entities may participate in perdurants in different ways
(e.g., as agents intentionally performing an action, as patients that are
affected by an event or state, as instruments, etc.). Such different ways
of participation in perdurants are represented by thematic roles and
are included in HERO-EVENT as subproperties of the hasParticipant
property, linking perdurants to objects or set of objects (i.e., hasAgent,
hasPatient, hasInstrument, etc.) [20, 22].
Moreover, any entity may participate in a perdurant as an entity of
a certain kind or playing a certain role. It is worth noting that the ways
of participation (represented by thematic roles) and the participation
as are two orthogonal aspects. Let us consider, for instance, the murder
of the king of Italy Umberto I by Gaetano Bresci in 1900: Gaetano
Bresci was agent (thematic role) in that event, in which he participated
as an anarchist, while Umberto I was patient (thematic role) and he
participated as a king (see also [22]). Events and states may influence
(e.g., they may be causal factors of) other events and states and they
may be structured in sub-events and sub-states.
HERO-PLACE refines HERO-TOP by characterizing geographic
features. In this context, a geographic feature is any place in which
an event or state may occur. Places may be natural (e.g., mountains,
forests, etc.) or artificial (e.g., buildings, streets, etc.) and they may be
the location of human organizations, such as companies, countries, etc.
HERO-ROCS mainly accounts for the notions underlying social
and institutional reality, in particular roles, organizations and collective
entities.According to Masolo and colleagues [30], a role is an anti-rigid
[42] and well-founded concept. Examples of roles are: Head of State,
French Head of State, French citizen, workman, workman at FCA, etc.
Roles are played by entities, e.g. Mr. Emmanuel Macron is currently
playing the French Head of State and the French citizen roles.
A second central notion defined in HERO-ROCS is that of orga-
nization. Organizations are modeled starting from their ontological
analysis discussed by Bottazzi and Ferrario [9]. Organizations should
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be intended in a broad sense, as social objects encompassing compa-
nies, hospitals, political parties, countries, criminal organizations, etc.
Organizations can be located in physical places, e.g. a company is
located in one or more buildings, a country is located in one or more
areas on the earth, etc. Moreover, organizations involve entities. For
instance, a company involves both industrial facilities and employees.
Involved agents are, more specifically, affiliated with the organization.
For instance, the employees of a company, being agents, are affiliated
with the company. Organizations may have sub-organizations. For
example, a company may be structured in departments; a nation may
be subdivided into states, etc.
The third pillar in HERO-ROCS are collective entities. Collective
entities are collections of entities (their members); they have their own
individuality and their properties or behavior cannot be (conveniently)
reduced to properties or behavior of their members. The notion of
collective entity (usually called “collection” or “collective”) has been
investigated from an ontological point of view by several researchers;
see, for instance, [8, 16, 23, 43]. Examples of collective entities are the
working class, the EU working class, Italian citizens, EU citizens, the
naval fleet of Spanish Navy, etc. In HERO-ROCS, collective entities
are non-physical objects.
In the historical domain, it is not always possible or appropriate to
specify exact and detailed information about events and entities. For
instance, a typical description of the atomic bombing of Hiroshima in
August 1945 that we can read in many documents (books, newspapers,
etc.) does not contain the list of all the victims, nor it specifies their exact
number. Usually, it reports an approximate number of victims (without
saying who actually they were). Besides qualitative and approximate
measurement expressions (mentioned above), HERO-ROCS puts at
disposals also sets, which can be used in order to specify information
by abstracting from some details. In this way, it is possible to specify, for
instance, that a set of people (whose actual members are not specified),
with an approximate cardinality of 140,000, participated as victims in
the atomic bombing of Hiroshima. Both collective entities and sets can
be described by concepts, meaning that those concepts classify all their
members. A typical case is that of a collective, such as workers, that
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is “described by” the social role laborer (defined in HERO-900 as an
instance of the HERO Role class, subclass of the Concept class), since
all of its members are laborers (i.e., they play the social role of laborer).
HERO-TIME distinguishes between time intervals and their expres-
sions and it provides the basics for representing temporary relation-
ships. A time interval is an abstract entity consisting in a contiguous
segment of the time line, as it is conceived in classical physics, and it is
an instance of the TimeInterval class. In order to enable the reasoning
with time intervals, HERO-TIME puts at disposal (and formally char-
acterizes) the thirteen relations of Allen’s interval algebra expressing
all the possible (and mutually exclusive) relationships between two
intervals (by means of these relations, one can, for instance, specify
that a time interval precedes, meets, overlaps, finishes, etc. another time
interval) [1]. Given their importance in the human affairs, HERO-TIME
provides a specific characterization for those time intervals that can be
specified by referring to clock/calendar conventions (i.e., time of days,
specific days, months, years, etc.). In particular, it provides a taxonomy
of clock/calendar interval expressions, encompassing dates and time,
month, year and century expressions. Each of these expressions identi-
fies a time interval, which is an instance of the CalendarClockInterval
class; examples are: “1944”, “September 1943”, “April 25 1945”.
Moreover, HERO-TIME supports the representation of time inter-
vals that do not correspond to instances of CalendarClockInterval,
but can be characterized as time intervals delimited by two Calendar-
ClockInterval instances using the intBeginsIn and intEndsIn properties;
examples are: “between December 1044 and January 1945”, “from
April 25 and May 2 1945”, “between 22 pm and midnight of April
25 1945”. HERO-TIME also provides support for those vague time
interval expressions that we may find in documents talking about
human affairs, such as “at about 10 am of January, 4 1944”, “the
evening of 2 May 1945”, “at the end of April 1945”, etc. These “fuzzy”
time intervals are ordered with respect to calendar-based intervals by
means of the above mentioned Allen’s relations. For example, the time
interval ti, denoted by the expression “at the end of April 1945” can
be linked to the calendar/clock interval (instance of the class Month)
a45, denoted by “April 1945” by means of the relation intFinishes,
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which corresponds to the finishes relation in theAllen’s IntervalAlgebra
(and states that ti starts somewhere within a45 end ends where a45
ends). Finally, HERO-TIME also enables the expression of temporary
relations such as temporary parthood (e.g., since May 8 2012, the
balanced budget amendment rule is part of the Italian Constitution),
temporary measurement expressions (e.g., the Italian population in
1914 was around 36 million people), etc.
The HERO-900 suite is a domain modular ontology that refines
HERO by specifying notions relevant to the history of the 20th century.
It does not aim at being the ontology of the world of the 20th century, but
only at being an extensible ontological seed for that historical period.
It currently covers the two fragments of the Italian history relevant
to the “Resistenza” in Piemonte (1943–1945) and to the protests of
1968 in Italy that we have considered in the case studies (see Section
3.1). HERO-900 is composed of three modules: HERO-EVENT-900,
HERO-PLACE-900 and HERO-ROCS-900.
HERO-EVENT-900 refines HERO-EVENT mainly by introducing
specific kinds of events, states and thematic roles. It provides, for
instance, taxonomies of confrontational actions (e.g., military occupa-
tion, killing, massacre, imprisonment, sabotage, police charge, street
clash, etc.), of protest actions (e.g., protest march, strike, etc.), and
so on. HERO-EVENT-900 also provides specific thematic roles for
those kinds of events and states for which the general thematic roles
provided by HERO-EVENT are not enough to accurately represent the
actual participation ways [22]. For instance, in elections, we may have
(at least) two different kinds of agents: candidates and voters.
HERO-PLACE-900 refines HERO-PLACE by introducing specific
kinds of places and roles for places. It introduces, for instance, several
kinds of places that we can find in populated areas (e.g., building, street,
bridge, etc.), as well as some roles representing their designated use
(e.g., public building, residential building, etc.).
HERO-ROCS-900 refines HERO-ROCS mainly by introducing
specific kinds of roles, organizations and collective entities. It provides,
in particular, the notions of profession (such as laborer, office worker,
public sector worker, etc.), public office (encompassing Head of State,
parliamentarian, etc.), political identity (such as communist, fascist,
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etc.), role in a political party, etc. It also puts at disposal several
organization taxonomies in different areas (e.g., the areas of companies,
trade unions, political parties, police forces, military organizations,
public bodies, etc.). Specific kinds of collective entities are also pro-
vided (e.g., social class, collective entity based on nationality or on
profession, etc.).
The HERO and HERO-900 ontologies are highly axiomatized, in
this way enabling interesting inferences (e.g., all the axioms relevant
to the Allen’s interval algebra that are expressible in OWL 2 have been
introduced in HERO-TIME; some axioms in HERO-EVENT refine
the characteristics of thematic roles for each type of event, stating for
instance, that a riot can be performed by physical persons, or collectives
of physical persons or organizations or sets of entities of these kinds,
etc.). This is a first reason why HERO and HERO-900 can be considered
semantically richer that the ontologies mentioned in Section 2.2, which
offer lighter axiomatizations. Moreover, they provide a homogeneous
and coherent framework for notions – both generic (such as those of
collective entity, organization, participation in perdurants as entity of
a certain kind or playing a certain role) and specific (such as those
of protest action, voters, etc.) – that are not present in the ontologies
mentioned in Section 2.2. However, for the sake of interoperability,
whenever possible, mappings have been produced between the HERO
and HERO-900 ontologies and the above-mentioned ones (stating, for
instance, that there is a close match between the notion of event in
HERO and both the one with the same name in Europeana Data Model
[15] and the E4 Period in CIDOC CRM [13]).
3.3 Evaluation of HERO-TIME in Harlock900
Historical time is often represented in graphical form using timelines,
i.e., geometrical mapping from time to space; when employed with uni-
form timescales timelines can provide insight on the relative duration of
different events, and if used to display attributes other than event time
span, they can ease the comparison between time and other dimensions
(e.g., spatial location of events). Although this kind of representations
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can be effective from a pedagogical and exploratory standpoint, they
present also substantial drawbacks:
• A timeline using a uniform timescale can grow very quickly
in dimensions when the number of events or the covered time
period increase. This would not be a problem per se, because the
timeline can adopt various zoom & pan solutions to only show
a sensible portion at a time, but this solution is detrimental to
the very advantages granted by a timeline based representation.
As stated very clearly by Meirelles [31]: sectioning the charts
obliterates their significance, because the purpose is to provide
historic context to the topics depicted. The charts make sense only
when viewed as a whole: It is the broad view that communicates
the historic content and context [31, p. 92].
• When temporal data have different granularities and the time
interval an event occurs in is not reported in a precise way –
as it often happens in historical texts – events do not have
comparable durations and thus a simple geometrical mapping can
be misleading.
• To represent time intervals specified in a vague way (e.g., “the end
of April”), a timeline-based UI forces the mapping of the interval
boundaries into specific arbitrary timeline points, depending on
the chosen granularity (e.g., when does the end of April starts?).
In order to provide users with a more effective temporal-based access
to events narrated in historical documents, we developed a prototype
User Interface (UI) focusing on the exploration of the historical events
described in the Semantic KB using their temporal properties [4]. In
particular, the UI enables the user to ask the system for events occurred
in a given time span, specified by a start and end time intervals,
expressed at the granularity decided by the user herself (from hours
to years); see Figure 2.
As described in Section 3.2, time intervals expressed in terms of
HERO can be both standard calendar-based intervals, corresponding
to CalendarClockInterval instances (e.g., days denoted by expres-
sions like “April 25 1945”) and intervals – corresponding to generic
ProperTimeInterval instances – defined with respect to calendar-based
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Figure 2 A fragment of the results page for the query asking for events occurred in
the period 1943–1945 (source: [4]).
intervals through a HERO property (e.g., “between December 1944 and
January 1945”, “the end of April 1945”). In order to allow an efficient
retrieval based on temporal range queries, including the latter type of
time intervals, we developed a Query Support Module that builds and
manages an indexing data structure ordering (also) intervals that cannot
be placed on a calendar reference system by stating their relation with
calendar-based intervals. As we will see, thanks to the Query Support
Module, the result of a temporal range query will contain both calendar-
based intervals and intervals specified using HERO relations. See [4]
for more details the way the indexing data structure works.
Moreover, besides intervals completely falling within the range,
results should include also intervals only partially overlapping it. For
example, if the user selects a range spanning from April 15 and May 15
1945, the time interval denoted by an expression such as “the spring of
1945” has a partial overlap with it, and it is possible (although not sure)
that an event occurred in such a time interval have occurred during the
time range selected by the user. The Query Support module can retrieve
these events and thus they can be included in the results.
Let’s imagine Leo, a young researcher in Historical Studies who
is preparing a PhD Thesis on the “Resistenza” in Piemonte. For
his research, he is looking for documents related to events occurred
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Figure 3 A fragment of the results page for the query asking for events occurred
between October 1944 and January 1946.
between October 1944 and January 1946. He accesses the UI and selects
October 1944 as start interval and January 1946 as end (he is not forced
to select 1/10/44 and 31/1/46, because he can choose the granularity
he prefers, months and not days in this case). The results are shown in
Figure 3.
In the central area of the page Leo can find the chronological list
of events occurred in calendar-based time intervals that fall within the
query range (Ernesto Valabrega died in October 1944; at the end of
November 1944 some Partisans from the 104a “ Garibaldi” Brigade
attacked the Littorio barracks; at 3 o’clock in the morning of February
5 1945 some Partisans have been shot in Villafranca Piemonte; and so
on); the corresponding time intervals are shown on the left. By vertically
scrolling the page, Leo can navigate through the list of events and when
a calendar element crosses the middle of the viewport, it is highlighted
(e.g., December 1944 in the figure).
On the right-hand side of the page, Leo can see a graphical
representation of time intervals that do not directly refer to a calendar
entity. These intervals are displayed as bars; the top and bottom edges
are aligned with the start and end calendar dates delimiting them, when
available, while they are shaded in case of “fuzzy” boundaries. When
a bar intersects the middle of the viewport, the events occurred in that
time interval are shown on the right (between December 1944 and
January 1945 some Partisans are imprisoned in Val Varaita; in the same
place some “Garibaldini” managed to escape; others are killed in Val
Luserna and in Piossasco; etc.).
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Moreover, some of the events displayed on the right occurred in
a time interval only partially overlapping the query interval (in the
example, during the Autumn 1944 some groups of Partisans moved to
the Asti area): the time interval bar has a striped texture and the text
describing the event is in italic.
We can conclude that the UI based on Harlock’900 semantic layer,
compared to a timeline-based UI, allows:
• To correctly retrieve events occurred in time intervals denoted
by expressions that do not directly refer to a calendar entity and
by “fuzzy” expressions, with boundaries that cannot be precisely
mapped into calendar dates (events in plain text on the right in
Figure 3).
• To correctly retrieve events occurred in time intervals only
partially overlapping the query interval (events in italic on the
right in Figure 3).
• To link events to the time intervals mentioned in texts, without
forcing choices for calendar-based definitions: if a text says that
an event occurred at the end of April 1945, nobody is forced to
place it in a time interval arbitrary starting in a precise day inApril.
3.4 Evaluation of HERO-EVENT and HERO-EVENT-900
in PRiSMHA
The most common way to search a document repository, besides
browsing categories, is keyword-based search. A typical search engine
looks for the keywords specified by the user in the text of the indexed
documents, or within the tags associated with each document. In turn,
tags can be provided by the authors of the web site (e.g., this is often
the case in systems offering an online access to archives, where tags
are usually provided by the archivists themselves), or by users, through
different types of crowdsourcing systems. In any case, tags – although
possibly organized into folksonomies – are typically free texts labels,
without any link to formal semantic structures. Despite advanced search
support (that enables more complex queries, including – for instance –
logical operators), the effectiveness of keyword-based search is based
on the presence of the keywords in the engine index. The obvious main
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Figure 4 A User Interface to express concept-based queries [source: [10]].
drawback of this approach is that it does not support a search based on
concepts instead of keywords: if a user is looking for documents talking
about protest actions, she has to query the engine for terms like “protest
action”, maybe coupled with keywords referring to more specific types
of actions that could be mentioned (demonstration, march, strike,
picket, sit-in, etc.), and with the verbs that could refer to a protest
action.
In PRiSMHA, we designed a prototype UI enabling users to specify
concept-based queries to access historical documents (see Figure 4).
Such a UI is driven by the underlying ontologies (HERO and HERO-
900) and enables users to select concepts corresponding to classes and
relations defined in the ontologies. The query is then matched onto
the Semantic KB (RDF triplestore) in order to retrieve the documents
that refer to the concepts in the query. In the following we will see a
concrete example, showing how such an approach can provide better
results in terms of both recall (it retrieves documents that would not
be retrieved by a keyword-based system) and precision (it does not
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include documents that would be included by a keyword-based system,
although irrelevant).1
Let’s imagine Maria, a high-school teacher who is preparing a
class about fights involving students during 1968. She would like to
show her students some original documents narrating such events. She
accesses the UI to search for archival documents referring to violent
actions carried out by the police (or by other law enforcement agencies)
against students during 1968. In a keyword-based system, she could
write an advanced search like: (caric* OR scontr*) AND (polizia OR
poliziott* OR carabinier*) AND student*.2 In the PRiSMHA UI, she
is invited to select an event typology: Maria is supported by (a) auto-
completion, suggesting her class names containing the string she starts
writing; (b) a small button labeled “i” (for “information”) that she
can click to get a call-out explaining, in non-specialized language, the
intended meaning of an ontology class or property. On the basis of the
available explanation, in order to generalize the query, Maria selects
ConfrontationalAction (which is a HERO-900 class with more specific
sub-classes like Beating, Firing, StreetClash, PoliceCharge, etc.). On
the basis of the characterization of such a class in HERO-900, the
system invites her to select the (thematic) roles played by participants.
Firstly, Maria selects the Agent role: the underlying ontology
constrains the types of entities that can play this role to: a person, an
organization, a collective, a set; moreover, all these types of participants
can participate in the event as entities playing certain roles (see
Section 3.2). Guided by the system – again, in order to be general
enough – Maria states that the Agent can be: a person participating
as lawEnforcementAgent (i.e., a social role defined in HERO-900
subsuming roles such as policeman or “carabiniere”); an organization,
1The case study reported in this section is a walkthrough using real data, but it is
not a quantitative test, therefore, here we use the notions of precision and recall in
their “qualitative” meaning.
2(charge OR clash) AND (police OR policemen OR carabinieri) AND student;
the star is used to capture both singular (e.g., carica) and the plural (e.g., cariche)
of Italian nouns. In order to build a plausible query, we asked 10 users to write the
queries they would have tried in order to satisfy the given information need. The case
study can be easily modified taking into account slightly different queries.
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namely an instance of LawEnforcementAgency (which is a HERO-900
class, sub-class of HERO Organization); a set (e.g., “ten policemen”)
or a collective (e.g., “the policemen”), i.e., an instance of the class Set
or Collective, described by the role lawEnforcementAgent (see Section
3.2). Secondly, Maria selects the Patient role: the underlying ontology
constrains the types of entities that can play this role to the same as
Agent, i.e., a person, an organization, a collective, or a set, all possibly
participating in the event as entities playing certain roles. Guided by
the system, Maria states that the Patient can be: a person participating
as student (i.e., a social role defined in HERO-900); a set (e.g., “three
students”) or a collective (e.g., “the students”), i.e., an instance of the
class Set or Collective, described by the role student. She can also select
a time interval (1968).
Given the document repository represented by the 50 annotated
original documents about 1968–69 movements in Italy from Ist. Gram-
sci’s archives, mentioned in Section 3.1, the PRiSMHAsystem retrieves
a set of documents linked to the semantic representations – stored in
the Semantic KB – that match the concept-based query. In this specific
case, this set includes:
• Five documents that contain the keywords and thus would prob-
ably be retrieved also by a keyword-based system; PRiSMHA
is able to retrieve them because they are linked to semantic
representations matching the concept-based query.
• Four documents that do not contain the keywords, but are linked
to semantic representations matching the concept-based query; a
keyword-based system would not retrieve these documents (see
example below; Figure 6).
• Three documents that are stored as images (no text is available; see
Figure 5); these documents are linked to semantic representations
matching the concept-based query, but can hardly be retrieved by
a keyword-based system.
These results demonstrate a (potential) higher recall (with respect to a
generic keyword-based system).
Moreover, the PRiSMHA system does not retrieve documents
where the keywords occurs with different meanings (e.g., docu-
ments talking about political responsibilities of the Police and the
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Figure 5 Example of a document from the archives of the Ist. Gramsci, stored
as an image (no text available) [copyright: Fondazione Istituto piemontese Antonio
Gramsci].
Government; in Italian: “... responsabilita` politiche della Polizia e delle
piu` alte cariche dello Stato”). This demonstrate a (potential) higher
precision.
In order to provide a more concrete insight, Figure 6 shows a sim-
plified graphical representation of the description of an event narrated
in one of the retrieved documents (in particular, in one of the documents
retrieved by PRiSMHA, but not by the keyword-based system).
PRiSMHA knows that the document “talks about” (isAbout rela-
tion) an event (studenti aggrediti dai carabinieri – students attacked
by “Carabinieri” policemen); in particular, this event is an instance of
PoliceCharge, which is a subclass of ConfrontationAction. PRiSMHA
also knows that it happened on November 20 1968 (hasTime relation)
and that different actors took part in the action, with different roles,
namely:
• Carabinieri, i.e., a LawEnforcementAgency, subclass of Organi-
zation, in the role of Agent (hasAgent relation);
• a group of students (studenti), playing the role of Patient (has-
Patient relation); in particular such a group is represented as an
instance of the class Set, and it is “described by” the role student
(hasDescribingConcept relation);
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Figure 6 Simplified graphical representation of the description of an event narrated
in a leaflet from the Luciano Bonet archive collection.
• some chains (catene), in the role of Instrument (hasInstrument
relation).
When Maria queries confrontational actions where law enforcement
agencies act as agents and students act as patient (i.e., they undergo
the effects of the action), PRiSMHA searches the Semantic KB and
finds the description of the event studenti aggrediti dai carabinieri
(students attacked by “Carabinieri” policemen), shown in Figure 6.
As a consequence, it can retrieve the document talking about such an
event; since this document does not contain the keywords caric* OR
scontr*, a keyword-based search engine would not be able to retrieve
it. Similar simulations of how PRiSMHA works can be done for the
other documents that do not contain the keywords, but are linked to
semantic representations matching the concept-based query.
4 Conclusions and Future Directions
This paper presented the core idea underlying two research projects
(Harlock’900 and PRiSMHA): the answers of a system providing
access to historical resources can be significantly enhanced by enabling
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users to specify (complex) queries in terms of concepts. This core
functionality is supported by a semantic layer, represented by a
Semantic KB (RDF triplestore) containing formal descriptions of the
content of the archival documents. Both the Semantic KB and the UI
enabling concept-based queries are based on the underlying ontologies,
which have been briefly described. Moreover, two case studies –
the enhancement provided by a semantically rich representation of
time intervals and by a detailed formal description of events and
their participants, respectively – showed that this approach provides
better results if compared with standard access systems (timelines and
keyword search).
The research indicates several possible future directions for our
research activity on these topics:
• The ontology-driven UI presented in this paper has been built
with a user-centered approach, by involving user (through focus
groups), since the first design phase. However, a usability eval-
uation [29] of the current prototype could provide important
suggestions for its improvement.
• The domain ontology HERO-900 will evolve, to cover new parts
of the domain (the Italian history of the 20th century). With respect
to this aspect, the issue of defining a process to manage ontology
evolution should be investigated [35].
• Finally, with a robust implementation of the crowdsourcing plat-
form, the Semantic KB will be populated with a significant amount
of data, that, in turn, will enable to couple the walkthrough
evaluation provided in this paper with quantitative results.
• The knowledge stored in the Semantic KB could be made available
through a RESTful service (more “friendly” and more efficient
than a SPARQL endpoint) in order to enable third parties to
build innovative applications that exploit the semantic represen-
tation of documents content, such as automatic constructions of
document-supported narratives, biographical trajectories through
events, etc. This possibility would improve the visibility of cultural
organizations holding historical archives and would promote the
engagement of a larger public.
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